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ABSTRACT
FUEL SAVINGS RESULTING FROM USE OF INSULATION
AND STORM WINDOWS
Tests were conducted in the Warm Air Heating Research Residence
in Urbana, Illinois, to determine the fuel savings that were effected by
the use of insulation in side walls and ceiling and by the use of storm
windows and a storm door. Felt stripping was placed along all four
contact edges of the window sash and door.
In severe weather a saving of 22 per cent in the fuel required to
heat the uninsulated Residence was effected by the use of storm
windows and a storm door. The actual savings were about 0.81 of the
estimated savings based on the calculated heat losses from the build-
ing. Further advantages effected by the use of storm windows in-
cluded a reduction in the amount of cold air inleakage and down-
drafts of air over the windows, thus resulting in greater comfort; the
elimination of condensation appearing on the windows in severe
weather when comparatively high relative humidities were carried;
and the elimination of soot leaking in at the cracks around the sash.
The use of 5%/-in. thickness of mineral wool insulation in the Resi-
dence, without the addition of storm windows, resulted in an actual
saving of approximately 30 per cent, or about 0.78 of the estimated
savings based on the calculated heat loss from the Residence. When
both storm windows and insulation were used, the actual savings
amounted to 45 per cent, or about 0.68 of the estimated reduction.
As the heat loss from the Residence was progressively reduced, the
ratio of the percentage of actual saving to the percentage of estimated
saving became smaller. A possible explanation is offered in the bulletin.
Further advantages resulting from the use of insulation included a
marked increase in the inside surface temperature of the insulated
walls, with a corresponding increase in comfort, a reduction in flue
gas temperatures; and a reduction in time of operation of the stoker
motor and fan motor.
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FUEL SAVINGS RESULTING FROM USE OF
INSULATION AND STORM WINDOWS
I. INTRODUCTION
1. Preliminary Statement.-The results presented in this bulletin
were obtained in connection with an investigation of warm-air
furnaces and heating systems which is being conducted in the Warm
Air Heating Research Residence in Urbana, Illinois. Incident to the
investigations extending over the period from 1924 to 1933, the Resi-
dence was not insulated and storm windows were not used. For tests
made during the heating season of 1933-1934, the uninsulated Resi-
dence was equipped with storm windows and a storm door. In the
summer of 1939 all walls and ceilings exposed to the outdoors or to
unheated spaces were fully insulated with mineral wool, and during
the heating season of 1939-1940 studies were made of the performance
and operating characteristics of the existing heating plant as affected
separately by the use of insulation in the building and by the use of
storm windows and a storm door. Since the capacity of the existing
heating plant was adequate to heat the uninsulated structure, the
employment of the same plant in connection with the reduced heat
loss was equivalent to the installation of an oversized heating plant in
the insulated structure.
2. Objects of Investigation.-The objects of this investigation were
(1) to determine, under actual service conditions over a wide range
of outdoor temperatures, the savings in fuel that could be effected by
insulating a typical residence and by equipping it with storm windows
and a storm door; and (2) to compare the actual savings so effected
with those estimated from heat loss calculations, employing commonly
accepted values for the coefficients of heat transmission and air infil-
tration. Further objects were to determine the effect of insulation and
storm windows on the performance of the heating plant and on the
comfort conditions maintained in the Residence.
3. Acknowledgments.-This bulletin is the twentieth to be pub-
lished under the present cooperative agreement between the National
Warm Air Heating and Air Conditioning Association and the Univer-
sity of Illinois for an investigation of warm-air furnaces, furnace
heating systems, and summer cooling in residences. The cooperating
Association has been represented by a Research Advisory Committee,
ILLINOIS ENGINEERING EXPERIMENT STATION
the personnel of which changes somewhat from year to year. Since
1939, the following members of the Association have served on this
committee:
F. G. SEDGWICK, Chairman, Waterman-WaterbUry Company, Min-
neapolis, Minnesota.
KEITH DAVIS (representing the American Gas Association), for-
merly with Mueller Furnace Company, Milwaukee, Wisconsin.
G. W. DENGES, Williamson Heater Company, Cincinnati, Ohio.
R. A. GULICK, May-Fiebeger Company, Newark, Ohio.
A. P. LIVAR, Chrysler Airtemp Division, Dayton, Ohio.
F. L. MEYER, The Meyer Furnace Company, Peoria, Illinois.
C. W. NESSELL, Minneapolis-Honeywell Regulator Company, Min-
neapolis, Minnesota.
J. W. NORRIS, Lennox Furnace Company, Marshalltown, Iowa.
This investigation has been carried on as part of the work of the
Engineering Experiment Station of the University of Illinois and as
a project of the Department of Mechanical Engineering. The inves-
tigation was conducted under the general administrative direction of
DEAN M. L. ENGER, Director of the Engineering Experiment Station,
and of PROFESSOR 0. A. LEUTWILER, Head of the Department of
Mechanical Engineering.
Acknowledgment is made to D. W. THOMSON, former Research
Graduate Assistant, for his services in conducting part of the tests
and in the reduction of data.
Acknowledgment is also made to the National Mineral Wool Asso-
ciation, The National Door Manufacturers Association, Inc., and to
the various manufacturers who cooperated by furnishing equipment
used in these tests.
II. DESCRIPTION OF RESEARCH RESIDENCE AND HEATING PLANTS
4. Research Residence.-The Research Residence in Urbana, Illi-
nois, was built, furnished, and completely equipped specifically for
research work in warm-air heating by the National Warm Air Heating
and Air Conditioning Association in December, 1924. A detailed de-
scription of this Residence has been presented in Engineering Experi-
ment Station Bulletins Nos. 189, 246, and 266. As shown in Fig. 1, it is
a two-and-one-half-story structure of standard frame construction, with
the exception that the studding is 2 in. x 6 in. instead of the 2 in. x 4 in.
more commonly used. The roof is composed of copper shingles laid on
felt over wood sheathing. The wall section consists of lap siding, build-
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FIG. 1. WARM-AIR HEATING RESEARCH RESIDENCE AT URBANA, ILLINOIS
ing paper, sheathing, 6-in. studding, wood lath and plaster with rough
sand finish painted with three coats of paint. As shown in Fig. 2, the
total space heated during these tests included three rooms, a sun parlor,
a breakfast nook, and a hallway on the first story; three rooms, a
bathroom, and a hallway on the second story; and two rooms, a bath-
room and a hallway on the third story. The total volume of the heated
space, which did not include the basement, was approximately 17 790
cubic feet. During the heating season, the Research Residence was
occupied by four people.
5. Insulation of Side Walls and Ceiling.-Mineral wool was used
to insulate the sidewalls and ceiling. In accessible locations, mineral
wool bats were placed between the studs or joists. Wherever bats
could not be conveniently used, nodulated mineral wool, having a
density of about 5 lb. per cu. ft., was blown into place. The insulation
in the walls and ceiling was 5% in. thick and that in the side walls
between heated and unheated spaces was 3% in. thick. On account of
the presence of duct work in some of the outside studding spaces, 95
sq. ft. of exposed wall remained uninsulated as compared with 2164
sq. ft. that was insulated. The over-all coefficient of heat transfer for
the exposed wall was 0.047 B.t.u. per sq. ft. per hr. per deg. F., and
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TABLE 1.
DATA ON WINDOW AND WALL SURFACES
No. Item
1 Number of window openings.................... ......... . .......... 50
2 Number of windows equipped with storm windows .................. :.. 48
3 Number of door openings to outdoors ................................. 2
4 Number of storm doors............................................. 1
5 Area of exposed window openings, sq. ft............................... 525
6 Area of windows equipped with storm windows, sq. ft................... 522
7 Area of exposed door, sq. ft.......................................... 24.5
8 Area of double door, sq. ft........................................... 24.5
9 Gross area of exposed structure, sq. ft................................. 3004.5
10 Net area of exposed wall (windows and doors excluded), sq. ft............ 2455
11 Ratio of storm windows and doors to total exposed openings, per cent..... 99.4
12 Ratio of total exposed openings to gross wall, per cent.................. 18.3
13 Ratio of total exposed openings to net wall, per cent.................... 22.4
that for the ceilings was 0.048 B.t.u. per sq. ft. per hr. per deg. F. The
corresponding coefficients for uninsulated walls and ceilings were 0.23
and 0.62, respectively.
6. Storm Windows and Doors.-Most of the windows were double
hung and were not equipped with weather strips. During the tests they
remained tightly locked. For the tests with storm windows, one series
on the uninsulated and one series on the insulated Residence, all of
the fifty windows on the three stories, with the exception of two small
quarter-round windows in the east dormitory, were provided with
tightly fitting storm windows. Felt stripping was placed along all four
contact edges and the storm sash was drawn up tightly to the window
casing. The front entrance was provided with a storm door, but the
rear entrance was not. The outside door at the rear opened into a
vestibule which contained the basement steps, and the kitchen door
opened into this vestibule. Hence, an additional storm door was not
considered necessary. The areas of window and door openings, and of
wall surfaces, and the ratios of openings to wall surfaces are given in
Table 1.
7. Heating Plant in Uninsulated Residence.-For the tests made in
the uninsulated Residence during the season of 1933-1934, the heating
plant consisted of a coal-fired furnace used in connection with a
forced-air heating system. The duct system has been described in
Engineering Experiment Station Bulletin No. 266. The furnace was
hand-fired, and was of the cast-iron, circular-radiator type, having a
24-in. fire pot, a 20-in. grate, and a 42-in. casing. The fuel burned was
stove-sized anthracite, having a calorific value of 13 175 B.t.u. per lb.
The heating plant was controlled by means of a room thermostat
ILLINOIS ENGINEERING EXPERIMENT STATION
/i'oo-7m
eThermostaf
Low-/i/77
8onnet Thermostat for
Over-run in TermneraAcre.
r Ls
ICoo/ Heao',li
for Stoker or ~9o',z',ver No/or.
FIG. 3. SIMPLIFIED WIRING DIAGRAM FOR CONTROL OF FURNACE AND FAN
operating to open and close the ashpit damper and to start and stop
the circulating fan, as shown in Fig. 3. The room thermostat, which
was located at the 60-in. level in the dining room, was used in con-
nection with two bonnet thermostats, which served as high- and low-
limit controls for the temperature of the air in the furnace bonnet.
When the room thermostat operated to start the fan and increase the
furnace draft, one bonnet thermostat prevented the fan from starting
unless the bonnet temperature was above about 125 deg. F. The other
bonnet thermostat prevented the damper motor from operating to in-
crease the furnace drafts, unless the bonnet air temperature was below
about 150 deg. F. This method of control proved highly satisfactory in
the maintenance of uniform room air temperatures.
Before insulating the Residence, a stoker was installed and an-
other series of tests was run in the uninsulated Residence during the
season of 1938-1939.
8. Heating Plant in Insulated Residence.-For the tests made in
the insulated Residence during the season of 1939-1940, and for the
companion series made in the uninsulated Residence during the season
of 1938-1939, the heating plant consisted of a 27-in. cast-iron, circular-
radiator furnace, used in connection with the forced-air heating
L iO-e
I I
FUEL SAVINGS FROM INSULATION AND STORM WINDOWS
system mentioned in Section 7. The furnace was fired by means of an
underfeed stoker, which was inserted through the ashpit door. An
automatic draft regulator was installed in the cleanout of the chimney.
The fuel burned consisted of 1 in. by 10 mesh, Saline County, Illinois,
stoker coal, washed and oil treated, and had a calorific value of 12 107
B.t.u. per lb. The feed rate of the stoker was about 26 lb. per hr., and
the air input was sufficient to provide a burning rate of approximately
13 lb. per hr. during the on-periods of stoker operation.
The fan and control system used for the insulated Residence were
substantially the same as those described in Section 7, except that the
hold-fire arrangement was added. In place of the damper motor which
was used in the hand-fired plant to control the furnace drafts, the
stoker motor was used to operate the stoker. A centrifugal fan de-
livered 1675 cu. ft. of air per min. through the furnace casing and duct
system.
III. METHOD OF CONDUCTING TESTS
9. General Procedure.-The average of the air temperatures in all
of the rooms of the Residence was maintained at about 72 deg. F. both
day and night. Observations of weather, indoor room air tempera-
tures, room relative humidities, volume of air circulated by the fan,
drafts, and other incidental data were made at 7 A.M., 11 A.M., 4 P.M.,
and 10 P.M. For each 24-hour test period, complete data were obtained
on the fuel consumption, weight of ash and clinkers removed, the
total time of operation of the fan, the total electrical input to the fan
motor, and the total number of on-periods of the circulating fan. In
addition, continuous records of drafts, C0 2, flue gas temperature, and
bonnet air temperature were obtained. Each series of tests was con-
tinued over periods of sufficient length to obtain a wide range of
weather conditions representative of the heating season.
10. Procedure for Tests in Uninsulated Residence.-Two series of
tests were made in the uninsulated Residence in order to determine
the effect of storm windows and a storm door. The furnace was fired
at the four regular observation periods, and a record was made of the
net fuel consumed during each 24-hour period. For the first series of
tests the building was not insulated and no storm windows were used;
for the second series of tests storm windows were installed, but no
changes in test methods were made.
11. Procedure for Tests in Insulated Residence.-In addition to
the items mentioned in Section 9, complete data were obtained on the
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total time of operation of the stoker, the total electrical input to the
stoker motor, and the total number of on-periods of the stoker. Con-
tinuous records of the index of smoke density were also obtained. Each
day at 11 A.M. the clinkers were removed, the fuel bed was levelled,
and the hopper was filled with coal. During extremely mild weather
no attention was given the fuel bed or hopper, except as required
every two or three days. By means of the automatic draft regulator,
the draft in the smoke pipe was maintained at approximately 0.05 in.
of water.
The following series of tests were run: Series (4-38), made during
the season of 1938-1939, for which the Residence was not insulated
and the windows were not equipped with storm windows; Series
(1-39), for which the Residence was insulated, but the windows were
not equipped with storm windows; and Series (2-39), for which the
Residence was insulated and the windows were equipped with storm
windows.
In no case were any changes made in the quantity of air circulated,
in the rates at which coal was fed and air was supplied to the stoker,
in the settings of the automatic controls, or in the method of distribu-
tion of air from the baseboard registers.
IV. RESULTS OF TESTS
12. Calculated Values of Heat Loss.-The calculated values of the
heat losses from the Residence, based on coefficients computed from
the conductivities given in the Guide of the American Society of Heat-
ing and Ventilating Engineers for 1939, and on a temperature differ-
ence between indoors and outdoors of 80 deg. F., are given in Fig. 4.
The heat losses for each story of the Residence, as well as those for
the entire structure, are shown in graphical form for four different
conditions, namely:
Case A-No insulation, no storm windows
Case B-No insulation, with storm windows
Case C-With insulation, no storm windows
Case D-With insulation, with storm windows.
In Case A, for which the house was not insulated and storm win-
dows were not used, the calculated heat losses were 32 385 B.t.u. per
hr. for the half story, 49 780 for the second story, 67 675 for the
first story, and 149 840 for the entire structure. In the average two-
story structure of compact design and without exposed wings, the
heat loss from the second-story rooms is generally greater than that
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FOR 80 DEG. F. TEMPERATURE DIFFERENCE
from the first-story rooms. In the case of the Research Residence,
however, the heat loss from the exposed sun room constituted a large
proportion of the total for the first story, and as a consequence the
heat loss on the first story was much greater than that for either of
the upper stories.
A comparison of Cases A and B in Fig. 4 indicates that the appli-
cation of storm windows alone on an uninsulated house is relatively
more effective in reducing the heat losses from the first-story rooms
than it is on the upper stories. The calculated reduction in heat losses
was obtained by computing the heat losses from the structure both
with and without storm windows and the storm door. The difference
between the two calculated values would be accounted for in the items
involving infiltration and heat transmission through windows and
doors. These items were therefore calculated for an outdoor tempera-
ture of - 10 deg. F., or for an indoor-outdoor temperature difference of
80 deg. F., and added to the basic heat loss of 79 260 B.t.u. per hr.
which took place through walls, ceilings, floors, and all parts of the
structure exclusive of the exposed windows and the front door. The
data used for the calculation of the infiltration and heat transmission
ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 2
HEAT Loss DATA FOR UNINSULATED RESIDENCE
Based on 80 Deg. F. Temperature Difference
Case A With- Case B With
No. Item out Storm Storm
Windows Windows
1 Heat loss through walls, floors, and ceilings, B.t.u. per hr.. . . 79 260 79 260
2 Lineal feet of crack around windows (one half of total)...... 356 356
3 Lineal feet of crack around door .......................... 21 21
4 Total area of windows, sq. ft............................. . 525 525
5 Area of windows with storm windows, sq. ft................ ... 522
6 Area of windows without storm windows, sq. ft............. 525 3
7 Area of door, sq. ft...................................... 24.5 24.5
8 Infiltration coefficient for windows, B.t.u. per lineal ft. of crack
per deg. F. per hr...................................... 0.74 0.34
9 Infiltration coefficient for door, B.t.u. per lineal ft. of crack per
deg. F. per hr........................................ 2.00 1.00
10 Coefficient of heat transmission for windows, B.t.u. per sq. ft.
per deg. F. per hr..................................... 1.13 0.45
11 Coefficient of heat transmission for door, B.t.u. per sq. ft. per
deg. F. per hr........................................ 0.52 0.52
12 Calculated heat loss through doors and windows, B.t.u. per hr. 70 580 29 665
13 Total calculated heat loss from building, B.t.u. per hr.. ..... 149 840 108 925
14 Calculated saving, per cent .............................. . .. 27.3
losses through the windows and door are given in Table 2. The infil-
tration coefficients given in item 8 were based on a well-fitted window
having %4 -in. crack and %2 -in. clearance. Based on a wind velocity
of 15 mi. per hr., a frame leakage of 10.8 cu. ft. per hr. was added to
the leakage for windows both with and without storm windows. These
totals were then reduced 20 per' cent to allow for building up of
pressure within the structure and the results were multiplied by 0.075
and 0.24 to obtain the coefficients in terms of B.t.u. per lineal ft. of
crack per deg. F. per hr. The infiltration coefficient for the unpro-
tected door was obtained by using the value of the leakage for a poorly
fitted window, as recommended. No data were available for the leakage
around a storm door, but since the one used closed against felt strips,
it was regarded as a weather-stripped door, and the leakage was
assumed as one half of that for a door without weather stripping. The
front door was located in a recess which formed a shallow vestibule
when the storm door was installed. The heat loss under these condi-
tions was calculated by using the same coefficient of heat transmission
for the two cases, but regarding the door as exposed to the outdoor
temperature in one case and to the mean between the indoor and out-
door temperatures in the other.
In Case C, for which the house was insulated but storm windows
were not used, the calculated heat losses were 13 255 B.t.u. per hr.
for the half story, 28 167 for the second story, 50 551 for the first
story, and 91 973 for the entire structure. The ratios of each of these
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values to the corresponding values obtained for Case A, as given in
the last column in Fig. 4, were 0.409, 0.562, 0.746, and 0.614 for the
half story, second story, first story, and entire structure, respectively.
That is, the estimated percentage reduction in the heat loss effected by
the application of insulation to the side walls and ceiling was consider-
ably greater for the half and second stories than it was for the first
story. Likewise, while heat losses from the second story of the more
common type of two-story structure of compact design are greater than
those from the first story, usually the application of insulation to side
walls and ceiling in this case also results in a proportionally greater
reduction for the second story than for the first story.
After the Residence had been insulated, and before any changes
had been made in the settings of the dampers in the branch ducts
leading to the twelve warm-air registers, a few preliminary tests were
made to determine whether the installation of the insulation had
resulted in any material lack of uniformity in the room temperatures.
From the reductions in heat losses shown in Case C in Fig. 4, it would
be reasonable to expect that after the application of insulation, the
room temperatures in the half-story and second-story rooms would be
higher than those in the first-story rooms. Measurements of the air
temperatures in the various rooms of the Residence confirmed this
hypothesis by proving that the temperatures in the half-story rooms
were from 5 to 7 deg. F. higher, and the temperatures in the second-
story rooms from 1 to 3 deg. F. higher, than those in the first-story
rooms. Hence, in the case of many existing homes in which the heating
facilities in upper story rooms are inadequate, the application of insu-
lation to the side walls and ceiling should not only reduce the total
heat losses, but should also tend to bring about a better balance in
temperatures in the rooms on the two stories.
A comparison of Case D with Case A indicates that the combined
application of insulation and storm windows would reduce the heat
losses approximately proportionately on each of the three stories. In
any case, after the application of storm windows or insulation to an
existing structure, some amount of readjustment of the heat inputs to
the various rooms would be necessary.
After the preliminary observations were made, the dampers in the
ducts of the forced-air heating system were readjusted to reduce the
amount of warm air delivered to the second- and third-story rooms.
The damper adjustments were easily made and no difficulty was ex-
perienced in obtaining a uniform air temperature of about 72 deg. F. in
all of the rooms in the Residence.
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FIG. 5. FUEL CONSUMPTION WITH AND WITHOUT STORM WINDOWS
IN UNINSULATED RESIDENCE
13. Fuel Consumption for Uninsulated Residence.-A comparison
of the amounts of fuel required to operate the uninsulated Residence
with and without storm windows and a storm door is shown in Fig. 5,
in which the daily fuel consumption, in pounds of coal, is plotted
against the difference in temperature between the indoors and out-
doors. The deviations of the points from the mean curves are primarily
caused by differences in daily fuel consumption brought about by
variable wind and sun effects, which cannot be represented on a curve
in which the abscissa is temperature difference alone. However, the
deviations resulting from wind and sun effects tend to compensate
when a number of tests are conducted with the same indoor-outdoor
temperature difference, and the mean curve is therefore representative
of the actual fuel consumption when considered from the standpoint
of the season as a whole.
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The curves in Fig. 5 show that with an outdoor temperature of 38
deg. F., or an indoor-outdoor temperature difference of 34 deg. F., which
corresponds closely to the mean seasonal temperature in Urbana, Illi-
nois, the average daily amount of fuel required to heat the Residence
was 116 lb. when the storm door and storm windows were not used,
and 94 lb. when the storm door and storm windows were used. This
represents a probable seasonal saving in fuel consumption of 19 per
cent attributable to the storm windows and the storm door. The saving
in milder weather was somewhat less, but in severer weather it in-
creased up to a value of 22 per cent obtained in -8 deg. F. weather,
corresponding to an indoor-outdoor temperature difference of 80 deg. F.
The results, therefore, indicate that a saving of approximately 20 per
cent in the seasonal fuel consumption could be attributed reasonably
to the installation of the storm door and storm windows on the
Research Residence.
From Table 2, and by comparing Cases A and B in Fig. 4, it may
be observed that the calculated heat loss was 149 840 B.t.u. per hr. for
the uninsulated building not equipped with storm windows and the
storm door, and 108 925 B.t.u. per hr. for the same building equipped
with storm windows and the storm door. This represented a computed
saving of 27.3 per cent as compared with the actual saving of 22 per
cent shown at an indoor-outdoor temperature difference of 80 deg. F.
by the test curves in Fig. 5, and this may be regarded as a reasonably
close agreement considering the uncertainties which necessarily accom-
pany the computation of infiltration losses. Several explanations are
offered in Section 15 to account for the fact that the apparent saving
was greater than the actual.
It is obvious that the percentage of reduction in fuel consumption
with and without the use of storm doors and windows is dependent
on the nature of the wall construction and the ratio of exposed window
surface to the net wall surface. If the assumption is made that the
efficiency of the heating plant remains constant, then, for a given room
or house, storm windows and doors should effect a larger percentage
of saving when the wall is well insulated than when it is not. Also,
for two rooms of the same size having the same wall construction, but
different ratios of window surface to net wall surface, the percentage
of fuel saving should be greater when storm windows are applied to
the room which has the larger ratio of exposed window surface to net
wall surface than when they are applied to the room having the
smaller ratio.
In this connection, tests of storm windows and doors made under
laboratory conditions are of some interest. Such tests were made in
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the room-heating testing plant in the Mechanical Engineering Labora-
tory at the University of Illinois. This plant* consisted of two test
rooms, each having two wall exposures of frame construction, erected
inside of a large insulated enclosure. By means of refrigerating coils in
the large enclosure, the two walls of the test rooms could be exposed to
any desired air temperature. The test rooms were heated with steam
radiators. For these tests the temperature outside of the exposed walls
was maintained at zero deg. F., and the heat loss from one of the test
rooms was determined by weighing the steam condensation from the
radiator. The test room was 9 ft. by 11 ft. with a 9 ft. ceiling, and had
two double-hung windows each 2 ft. 6 in. by 4 ft. 6 in., and an exposed
door 3 ft. by 7 ft. The ratio of the window area to net wall area was
16.5 per cent and the ratio of the sum of the areas of the windows and
door to the net wall area was 31.9 per cent. In this case the steam
condensation required to heat the test room to 70 deg. F. at the 5 ft.
level was reduced 11.0 per cent when storm windows alone were used
and 31.0 per cent when both storm windows and a storm door were
installed. The results obtained in the Research Residence, in which the
wall construction was similar to that of the laboratory test room, were
consistent with those obtained in the laboratory tests. The actual fuel
saving was 22.0 per cent, which was intermediate between the reduc-
tions in steam condensation of 11.0 per cent and 31.0 per cent shown
in the laboratory tests with storm windows alone and with the storm
windows and door respectively; while the ratio of the area of open-
ings to that of the net wall was 22.4 per cent in the Research Resi-
dence, which was also intermediate between the corresponding ratios
of 16.5 per cent and 31.9 per cent for the windows alone and for the
windows and door in the laboratory test room. The fact that the per-
centage saving was approximately the same as the ratio of the area of
openings to the net wall area in each case is probably only a coin-
cidence, but it is evident that the potential saving increases as the
ratio of openings to net wall becomes greater.
14. Fuel Consumption for Insulated Residence.-The calculated
values of the total heat loss for Cases A and C, given in Fig. 4, indi-
cate that an estimated reduction of 38.6 per cent in the heat loss
possibly could be effected by insulating the side walls and ceiling. In
Fig. 6 the actual weights of coal burned per 24 hrs. in the stoker-
fired plant have been corrected to equivalent weights of coal having
a calorific value of 13 040 B.t.u. per lb., and are shown plotted against
*University of Illinois Engineering Experiment Station Bulletin No. 223, Chapter II, pp.
11-17, and Chapter IX, pp. 62-66.
I^
., .'
A
•'•
FUEL SAVINGS FROM INSULATION AND STORM WINDOWS
K/ --- - ------- - -u-- :-f -- - .
o
400 ----
300----------------------------
340'-------------------------------------
------ nins/aed House, ANo Storm S.sh
---/ns-/a-e- -House, ANo Sform Sash
/ --- *------------------------ - -/- ---
/20-----------------__-^-^
4060 --------------- ^--------------------------------
U /U U0 J/ 4'0 . 60 70 9U
/naboor- Ou/a'oor Temverature i/ference i/ d'eg. F.
FIG. 6. FURNACE PERFORMANCE IN INSULATED AND UNINSULATED RESIDENCE
ILLINOIS ENGINEERING EXPERIMENT STATION
the indoor-outdoor temperature differences. These curves afford a
means of comparing the actual reduction in fuel consumption with the
estimated reduction in heat loss.
At an indoor-outdoor temperature difference of 80 deg. F., the
actual reduction in fuel consumption from insulating the side walls and
ceiling was about 30 per cent, or approximately 0.78 of the estimated
reduction in heat loss. As indicated in Section 13, the saving obtained
at an indoor-outdoor temperature difference of 34 deg. F. is usually
more representative of the probable seasonal saving. In the case of
all of the curves in Fig. 6, however, the savings at the 34-deg. F.
indoor-outdoor temperature difference were also practically the same
as those at the indoor-outdoor temperature difference of 80 deg. F.
Hence, comparisons made at the latter temperature difference are also
representative of seasonal savings.
A similar comparison from Fig. 4 of the calculated heat losses from
Cases A and D indicates that an estimated total reduction of 65.9 per
cent could be obtained by the use of both insulation and storm win-
dows; or an additional estimated reduction of 27.3 per cent, based on
the original heat loss of the uninsulated house, could be effected by the
use of the storm windows in the insulated house. The actual reduction
in fuel consumption resulting from the use of both insulation and
storm windows as shown in Fig. 6 was about 45 per cent, or only 0.68
of the estimated possible reduction in heat loss. The additional reduc-
tion in fuel consumption resulting from the use of storm windows on
the insulated house was about 15 per cent, or only 0.55 of the estimated
reduction in heat loss. Expressed in terms of the 91 973 B.t.u. per hr.
heat loss from the insulated house, the estimated reduction in heat loss
that could be effected by the use of storm sash was 45 per cent, while
the actual saving in fuel was only 20.0 per cent. The latter figure is
comparable with the saving obtained by the use of storm windows on
the uninsulated house. In the case of storm windows, the discrepancy
between the estimated reduction in heat loss and the actual reduction
in fuel consumption was quite large, and may be due to the fact that
certain factors affected by the actual conditions of operation deviated
from those assumed for the calculation of the heat loss.
15. Comparison Between Actual and Estimated Savings.-In Fig. 7
is shown a comparison of the actual observed fuel savings and the
estimated savings, or calculated reductions in heat losses, expressed as
ratios. In all three cases, B, C, and D, the ratios were less than unity,
and decreased in magnitude as the heat loss from the house was pro-
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gressively reduced. In other words, as the heat loss from the house
was progressively reduced, the deviation of the actual saving from
the estimated saving increased. For Case B, and to a certain extent
for Case C, the agreement between the actual reduction in fuel con-
sumption and the estimated reduction of heat loss may be considered
as close as can be expected, considering the uncertainties in many of
the assumptions inherent in the calculation of heat losses.
Part of the deviation may be attributed to the uncertainties which
necessarily accompany the computation of infiltration losses. The pub-
lished coefficients of heat transmission and of infiltration are based on
laboratory tests under controlled and readily determinable conditions.
In applying these coefficients, the question as to how nearly the actual
conditions approximate those stated for the laboratory tests is largely
a matter of experience and judgment.
In the case of the storm windows, the storm sash were positively
secured against felt strips. This condition can be readily duplicated,
and it is probable that coefficients determined from laboratory tests
applied reasonably well to the actual installation. Furthermore, the
leakage is small as compared with the total heat loss from the build-
ing. In the case of the unprotected windows the infiltration depends on
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the width of crack and the clearance around the frames, both of which
are difficult either to estimate or to measure accurately. This leakage
is relatively larger than that around the storm sash, and if it were
overestimated, the results would indicate an apparent saving that
would be greater than the actual. It is possible, therefore, that the
unprotected windows at the Research Residence were tighter than was
assumed for the purpose of estimation, thus accounting for the larger
apparent saving indicated by the computed results.
No provision was made for the continuous introduction of outdoor
air. Therefore the only infiltration that occurred resulted from leakage
around the window and door frames, leakage through the frame walls,
and the influx of cold air accompanying the opening of outside doors.
During ordinary conditions with normal occupancy by four persons,
the slight inleakage of air that occurred was sufficient to prevent any
noticeable accumulation of odors. Occasionally it was found desirable
to remove the cooking odors from the kitchen by opening the door to
the outdoors for a few minutes.
The calculations for heat losses do not take into consideration
the admission of cold air through outside doors opened to permit the
entrance or exit of the occupants. If this loss remained constant in
the two installations, it would be a relatively greater proportion of the
total heat loss when the building was equipped with storm doors and
windows than it would be when the building was not so equipped.
Hence neglecting this item in the computations would tend to increase
the apparent saving as compared with the actual saving.
The calculated heat losses were based on a wind velocity of 15 mi.
per hr. in order to maintain consistency with the values of the heat
transmission coefficients selected from the Guide, whereas the actual
average wind velocity in Urbana, Illinois, in zero weather is somewhat
less than this. The wind has a greater effect on unprotected windows
than on those protected by storm windows, and at lower velocities
the differences in infiltration would not be as great as they would be
at higher velocities. This would also tend to indicate an apparent
saving greater than the actual.
An additional reason for greater deviations between actual and
estimated savings obtained in the insulated house, as compared with
those obtained in the case of the uninsulated house, is indicated in the
discussion of overall heat transfer coefficients, U, in Section 17. Here
it is shown that the apparent actual value of U for the insulated walls
is 53 per cent greater than the calculated value, while the actual value
of U for the uninsulated wall is only 30 per cent greater.
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For Case C, and particularly for Case D, some of the deviation
may have resulted from the use of an oversized stoker-fired furnace in
the insulated Residence. The stoker and furnace, which were ade-
quate in size for the uninsulated house, were, in the case of the insu-
lated house, operated intermittently by means of the thermostatic con-
trol system in order to maintain the desired room temperatures. For a
given outdoor temperature, the total operating time of the stoker was
not as long as shown in Fig. 8, and the average CO2 in the flue gas
was not as high, as shown at the top of Fig. 6, in the case of the
insulated house as they were in the case of the uninsulated house. It is
ILLINOIS ENGINEERING EXPERIMENT STATION
possible that in spite of the decrease in the accompanying average
flue gas temperatures, as shown in Fig. 6, the over-all combustion effi-
ciency for the stoker, during both the on-periods and off-periods, was
less with the stoker and furnace actually used than it would have been
if the equipment had been properly sized for the insulated house. No
tests have as yet been made to determine whether the use of a smaller
sized stoker and furnace in the insulated Residence would improve the
over-all combustion efficiency, and thereby reduce the discrepancy
between the estimated reduction in heat loss and the actual reduc-
tion in fuel consumption. However, previous tests seem to indicate
that if the stoker used had, in the case of the insulated house, been
regulated to give a combustion rate of less than the 13 lb. of coal per
hr. actually burned, some gain in fuel economy would have resulted.
In general, if maximum fuel economy is to be obtained after the heat
losses from a given house have been reduced by insulation or other-
wise, some attention should be given to the matter of regulating
the draft or the air supply so as to obtain a burning rate commensu-
rate with the reduced heat losses. On the whole, the results obtained
are representative of those arising from the usual practice of insulating
an old house without changing the heating plant.
16. Plant Operation in Insulated Residence.-As shown in Fig. 6,
the average flue gas temperatures for a given day were greatest when
the house was not insulated and storm windows were not used, and
were least when the house was insulated and equipped with storm
windows. Hence, the application of insulation and storm windows to
a house already equipped with a given heating plant is equivalent to
lightening the maximum load on the plant, and thereby increasing the
life of the furnace. The furnace and stoker in the Residence had suffi-
cient capacity to satisfy the heating demands of the uninsulated house
when the outdoor temperature attained a value of -10 deg. F., cor-
responding to the design temperature used in Urbana, Illinois. By
burning the same amount of coal per hour as that required to heat the
uninsulated house at -10 deg. F., the furnace and stoker in the
insulated house would have had adequate capacity to satisfy the heat-
ing demands for an outdoor temperature of approximately -44 deg. F.,
which is far in excess of the lowest temperature recorded in Urbana.
In an old house this excess capacity represents a reserve sufficient to
provide for the lowest possible extremes of outdoor temperatures in a
given locality, while in a new house it represents the margin by which
the initial cost of a new plant may be reduced.
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The influence of the controls on the fan and stoker motors was such
that, irrespective of the size of the furnace relative to the over-all
heating demand of the house, the heat output was proportioned ap-
proximately to the heat losses occurring either from the insulated or
from the uninsulated house at a given indoor-outdoor temperature
difference. In the case of the insulated, as compared with the unin-
sulated house, since the heat demand was less, the stoker remained in
operation for a shorter period. Hence, at the end of this period the
combustion was not as active and the amount of incandescent coke in
the fuel bed was less. As a result, the combustion during the off-period
was also less active. For this reason the temperature in the bonnet at
the end of the off-period, and therefore at the start of the subsequent
on-period, was not as high. During the on-period, while air was being
circulated by the fan, the temperature in the bonnet decreased, and
at the end of the on-period it was lower than that obtained in the case
of the uninsulated house. Consequently, as shown in Fig. 9, the furnace
operated at a lower range of bonnet temperatures in the case of the
insulated house than in the case of the uninsulated house. This lower
temperature range, in conjunction with the reduced time of operation,
served to adjust the furnace output to conform with the heat loss from
the house. As shown by Figs. 8 and 9, the total time of operation of
the stoker and fan per day, and the electrical inputs to the stoker
motor and fan motor per day were each decreased approximately 25
to 30 per cent after the house was insulated, as compared with the
results obtained in the uninsulated house.
17. Factors Affecting Comfort.-As discussed in a previous publi-
cation* the maintenance of the least possible temperature difference
between the breathing level and the floor is a necessary requirement
for comfort. Furthermore, short off-periods of the fan are more de-
sirable from the standpoint of comfort than long off-periods, in that
the shorter off-periods tend to minimize the temperature variations in
the room brought about by cyclic operation. This is particularly true
in cold weather, or with indoor-outdoor temperature differences exceed-
ing approximately 50 deg. F.
The tests made in the uninsulated and insulated Residence afforded
a means of comparing the length of off-periods, and also the tempera-
ture differentials as affected by changes in the nature of the structure
when no changes were made in the heating plant itself, or in its method
*"Investigation of Oil-Fired Forced-Air Furnace Systems in the Research Residence," by
A. P. Kratz and S. Konzo, University of Illinois Engineering Experiment Station Bulletin No.
318, November, 1939.
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FiG. 9. OPERATING CHARACTERISTICS OF CIRCULATING FAN
IN INSULATED AND UNINSULATED RESIDENCE
of operation. As shown in Fig. 10, for a given indoor-outdoor tempera-
ture difference, the use of insulation resulted in an increase in the
length of time that the fan was not in operation per day. Fortunately,
however, for temperature differences exceeding about 50 deg. F. an
increase in the number of times the fan operated per day was also
obtained, with the net result that the average length of the off-periods
was only slightly increased.
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FIG. 11. Room TEMPERATURE DIFFERENTIALS IN INSULATED AND
UNINSULATED RESIDENCE
During periods of cold weather, as shown by Fig. 11, the tempera-
ture differences between the breathing level and the floor were dimin-
ished slightly after the house was insulated, probably as a result of
the fact that any down currents of air over the exposed walls were not
as cold in the case of the insulated as they were in that of the unin-
sulated house. Hence any slight tendency for the existence of a cold
floor resulting from the increase in the length of the off-period of the
fan evidently was more than offset by the beneficial' effect of the
warmer air coming down the exposed walls, and the temperature
difference between the breathing level and the floor was decreased
rather than increased. On the whole, no marked differences in comfort,
as measured by room air temperatures alone, could be attributed to
the insulation.
In this connection, the data given in Fig. 11 show that the com-
bined use of insulation and storm windows brought about a reduc-
tion of more than 1 deg. F. in the temperature difference between the
breathing level and the floor or, in other words, resulted in a warmer
floor. At an indoor-outdoor temperature difference of 60 deg. F. the
use of insulation and storm windows reduced the temperature differ-
ence between the breathing level and the floor from a value of 3.8 deg.
F. to one of 2.3 deg. F., equivalent to a 1.5 deg. F. warmer floor. The
temperature differentials shown in Fig. 11 were the averages of
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FIG. 12. DIFFERENCE IN TEMPERATURE BETWEEN INDOOR AIR AND
INSIDE SURFACE OF EXPOSED WALL
readings made in eleven rooms in the Residence, and at most were
much smaller than those that have been obtained with other arrange-
ments of the heating plant in the same building. It is possible that in
buildings which are not as satisfactorily heated as the Residence
originally was, and in which much larger temperature differences
between the breathing level and the floor occur, the use of insulation
and storm windows might prove to be of even greater advantage.
The most marked improvement in comfort with the use of insula-
tion was that resulting from the large increase in the inside surface
temperatures of the exposed walls. The difference in temperature
between the indoor air and the inside wall surface was plotted, as
shown in Fig. 12, against the difference in temperature between the
indoor air and the outdoor air. The temperature differences between
indoor air and inside wall surface obtained from test observations on
both the uninsulated and insulated wall section are designated by full
lines, and calculated values of the same quantities are designated by
broken lines. For both the uninsulated and insulated wall sections, the
calculated temperature differences were slightly smaller than the
observed differences.
Test values in Fig. 12 indicate that for an indoor-outdoor tempera-
ture difference of 80 deg. F. the actual wall surface temperature was
14.5 deg. F. lower than that of the indoor air in the case of the unin-
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sulated wall, and only 3.5 deg. F. lower in the case of the insulated
wall, or an improvement of 11.0 deg. F. effected by the insulation. As-
suming that an inside surface coefficient of 1.65 is approximately cor-
rect, the temperature difference of 14.5 deg. F. represents an actual
overall heat transfer coefficient, U, of 0.30, and 3.5 deg. F. represents
one of 0.07 B.t.u. per sq. ft. per hr. per deg. F., as compared with the
0.23 and 0.047 respectively, mentioned in Section 5 as the calculated
values of U used in connection with the uninsulated and insulated walls.
That is, the apparent actual coefficient was 30 per cent greater than the
calculated coefficient in the case of the uninsulated wall and 53 per cent
greater in the case of the insulated wall.
The increase of 11.0 deg. F. in the temperature of the inside surface
of the exposed insulated walls over that of the exposed uninsulated
walls represents a distinct gain in comfort. With the large areas
involved, the warmer inside surfaces of the exposed wall would
prove to be a significant factor in reducing the radiation loss from the
body, and in increasing the comfort of the occupant, even though the
room air temperature were the same. In this connection it is of inter-
est to note that the increase in the temperature of the inside surfaces
of the glass brought about by the use of storm windows is of even
greater magnitude than that shown in Fig. 12 for the wall. The reduc-
tions in fuel consumption, shown in Fig. 6, effected by the use of insu-
lation and storm windows would probably have been greater if the
tests had been conducted under conditions such that equal comfort
had been maintained in the Residence, rather than equal dry bulb
temperatures. Due to difficulties in evaluating comfort, and due to the
fact that wall surface temperatures were not measured in all of the
rooms of the Residence, no such tests were attempted. In any event
the fuel economies reported in this paper may be considered as
minimum rather than maximum values.
18. Incidental Advantages of Storm Windows.-The saving in fuel
was by no means the only advantage that resulted from the use of
storm windows. The tightly fitting storm windows practically elim-
inated the entrance of soot, which in the case of the unprotected
windows, sifted in and collected on the white window stools in suffi-
cient quantities to make daily cleaning necessary.
The use of storm windows enabled the maintenance of higher indoor
relative humidities without condensation on the panes. During a period
in which the relative humidity indoors was being rapidly increased
and the outdoor temperature remained constant at 26 deg. F., obser-
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vations* at the Research Residence, made simultaneously on windows
not equipped with storm windows and on two windows provided with
storm windows, proved that condensation started to appear on the
unprotected windows when the relative humidity reached a value of
32 per cent. No condensation appeared on the two windows equipped
with storm windows. These results agree very closely with computed
curves indicating that with 40 per cent indoor relative humidity, con-
densation should appear on unprotected windows when the outdoor
temperature drops to 35 deg. F., while with storm windows the
outside temperature must drop to zero deg. F. before any condensation
appears. However, operation during a whole season, with all of the
windows protected by storm windows, proved that, if there is any
appreciable leakage around the inner sash in extremely cold weather,
some condensation will be deposited on the panes of the storm windows
when high relative humidities are maintained indoors.
In addition to reducing the heat loss from the building, storm
windows were also effective in reducing the downward draft of cold
air usually present with unprotected windows. This is shown in Fig. 13,
*University of Illinois Engineering Experiment Station Bulletin No. 266, Chapter XI, pp.
115-121.
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from which it may be observed that the temperature of the current of
air coming down over the windows, as measured at D, was approxi-
mately 3 deg. F. higher for the windows equipped with storm windows
than it was for those not so equipped. The immediate effect of this
increase in the temperature of the downward current of air was an
increase in the air temperature in the living zone of the room, par-
ticularly near the floor. The difference in air temperature between the
5-ft. level and the ceiling was not affected by the installation of storm
windows. The ultimate effect of the increase in floor temperature,
together with the increase in the temperatures of the inside surface
of the glass, was a marked increase in comfort resulting from the
installation of storm windows.
Accompanying a reduction in fuel consumption, with a fixed setting
of the controlling thermostat there was a marked reduction in the
percentage of time the circulating fan operated when the storm
windows were installed. At an average outdoor temperature of 25 deg.
F. when storm windows were not used the fan operated approximately
40 per cent of the time, and when storm windows were used it operated
only 30 per cent of the time. Since the percentage of time that the
fan operates varies with different plants and with different settings of
the controlling thermostats, the numerical values of these percentages
cannot be regarded as applying to any plant except the one under
consideration. They do, however, serve to illustrate the comparative
performance of the plant with and without storm windows. The
advantages cited with the use of storm windows emphasize the im-
portance of making adequate provision to reduce the heat losses at
what may be regarded as the most vulnerable part of the structure
from the standpoint of the heating installation, namely, the doors and
windows. The problem of heating a room becomes greatly simplified
when the ordinary unprotected windows are replaced by adequately
protected windows, either in the form of weather stripping, double
glass, or tightly fitting storm windows, although weather stripping or
double glass alone are probably not as effective as tightly fitting storm
windows.
V. SUMMARY
19. General Summary.-The following summary of the results ob-
tained in the Research Residence is applicable to the conditions under
which the tests were conducted.
(1) A seasonal fuel saving of the order of 20 per cent was obtained
by completely equipping the uninsulated Research Residence with
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storm windows and a storm door. The actual saving effected by storm
windows and a storm door, as determined by test, was about 0.81 of
that estimated from the calculated heat losses.
(2) For a given type of wall construction the fuel saving effected
by storm windows and doors is dependent on the ratio of the total area
of the windows and doors to the net area of the walls. The potential
savings increases as this ratio becomes greater.
(3) Tightly fitting storm windows practically eliminated the en-
trance of objectionable amounts of soot.
(4) Storm windows made possible the maintenance of higher in-
door relative humidities without condensation appearing on the glass.
(5) The use of storm windows reduced the draft of cold air down
the windows and increased the temperature of the air near the floor
in the room.
(6) The use of storm windows increased the temperature of the
inside surface of the glass and resulted in an increase in comfort.
(7) The installation of insulation in the Residence not equipped
with storm windows resulted in an average saving of approximately
30 per cent in the actual fuel consumption, or about 0.78 of the esti-
mated reduction based on calculated heat losses.
(8) At an indoor-outdoor temperature difference of 80 deg. F., the
temperature of the inside surface of the exposed walls was increased
approximately 11.0 deg. F. by the application of insulation, thus
resulting in a material increase in comfort.
(9) The installation of both storm windows and insulation in the
Residence resulted in an average saving of approximately 45 per cent
in the actual fuel consumption, or about 0.68 of the estimated
reduction.
(10) As the heat loss from the Residence was progressively re-
duced, the deviation of the actual savings from the estimated reduction
in heat loss became larger. This deviation was attributed to uncer-
tainties accompanying the calculation of heat losses, particularly those
for infiltration, and to the use of an oversized furnace as the heat loss
was reduced.
(11) The electrical inputs per day to the stoker and fan motors
were each decreased from 25 to 30 per cent after the house was insu-
lated, as compared with the results obtained in the uninsulated house.
(12) The estimated reductions in heat losses indicated that a
greater benefit was obtained from the insulation of the upper stories
than from that of the first. This was confirmed by the fact that tem-
peratures on the second story were from 1 to 3 deg. F. higher, and
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those on the half story were from 5 to 7 deg. F. higher, after the
installation of insulation and before final adjustment of dampers, than
they were in the uninsulated house.
(13) The installation of insulation and storm windows without
changes in the heating system was equivalent to the use of an over-
sized furnace. In spite of this, no difficulties were encountered from
overheating or from lack of uniform temperature distribution in the
rooms, and the results may be considered as representative of those
arising from the common practice of insulating the house without
changing the heating plant.
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